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INTRODUCTION 
In 1970 a new race of Helminthosporium maydis Nisikado 
and Miyake caused an epiphytotic in maize throughout the 
Eastern, Southern and Midwestern United States. This new 
race was especially virulent and aggressive on plants con­
taining the Texas type of cytoplasmic male sterility (Tcms) 
and was designated race T (24). Losses due to this new 
disease averaged 15% throughout the corn belt but some 
farmers, especially in the South, experienced complete losses. 
Another substantial loss occurred to the seed corn industry 
since Tcms could no longer be used as a tool in hybrid seed 
corn production. Use of Tcms had annually saved the industry 
millions of dollars in detasseling expenses and was assumed 
to be a factor in lower seed prices. 
The new race T was found to produce a host-specific toxin 
that was specifically toxic to plants containing Tcms. The 
original race of H. maydis, called race 0, did not produce a 
Tcms specific toxin. Much has been learned about the toxin 
produced by race T, However, the specific site of activity 
in the host has not yet been determined. 
Extensive tests ware coriuucteu to determine the suscep­
tibility of various hybrids and inbred lines of maize to H. 
maydis race T. Certain Tcms inbreds had more resistance to 
the pathogen than other Tcms inbred lines (23). Earlier re­
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searchers had determined that resistance in inbreds to race 0 
was not associated with anatomies,1 features discernible by light 
microscopy, and concluded it was physiological in nature C25). 
Two theories have been proposed to explain resistance of 
a physiological nature in maize inbreds. First, a phyto-
alexin may be involved, although they have not been re­
ported in maize, except for resistance to H. turcicum in 
maize due to the Ht gene. Second, resistance may be due to 
pre-formed anti-fungal compounds present at different levels 
in the inbred lines. Such compounds may be the fungitoxic 
benzoxazolinones that are known to exist in maize at dif­
ferent levels depending upon the inbred line (29). 
It was the purpose of this study to determine if there 
is a physiological basis for resistance in maize to H. maydis 
race T. Specifically, the objectives were: 
1. to determine whether a phytoalexin-type compound may 
be induced in the plant by the fungus, 
2. to determine the importance, if any, of the 
benzoxazolinones in resistance to H, maydis race T,-
3. to determine the importance of phenolic compounds in 
resistance to H. maydis race T, 
4. to determine whether enzymes responsible for the 
metabolism of anti-fungal compounds may regulate 




A new disease of maize, characterized by irregularly 
shaped leaf lesions, was discovered in 1925 in the United 
States and Japan. The causal agent was described as Ophio­
bolus heterostrophus Dreschler by the American observer 
(16) and the Japanese workers saw only the imperfect stage 
and named it Helminthosporium maydis Nisikado and Miyake 
(45). The disease is now commonly called Southern corn 
leaf blight, 
Drechsler (17) revised the genus Ophiobolus in 1934 and 
placed the causal agent of Southern corn leaf blight in a 
new genus Cochliobolus. The new genus was erected to accommo­
date those species with corkscrew ascospore arrangement in 
the ascus and bipolar conidial germination as opposed to 
Ophiobolus which exhibits fasiculate arrangement of.ascospores 
within the ascus and only one end cell of a conidium produces 
germ tubes. Nelson (39) determined C. he te ros trophus to be 
heterothallic and in subsequent publications (40, 41, 42, 43 
44) he described the genetics of compatibility in C. hetero­
strophus and related species that attack a range of graminace­
ous hosts. 
Southern corn leaf blight was a sporadic disease in the 
U.S. corn belt prior to 1970 but caused serious damage in the 
Southern states. 
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Before the 1950's hybrid seed corn was produced with 
known genetic background only if tassels were removed to make 
certain pollen from the desired plants acted as pollen-
parents to the resulting hybrid. In the early 1950's a male-
sterile plant was found in Texas whose sterility was found 
to be governed by cytoplasmic factors rather than genetic 
(50) , This source of male sterility was transferred to many 
inbreds after it was determined to be extremely reliable. In 
the early 1960's a genetic factor was discovered which would 
restore fertility to the cytoplasmic male sterile plants. It 
was designated the Rf^ restorer gene (18). The discovery of 
these two important factors revolutionized the seed corn 
industry by eliminating entirely the costly detasseling pro­
cedure in production of hybrid seed corn. By 1970,85% of 
the inbred lines used in the United States contained Texas 
cytoplasmic male sterility (Tcms) (64). 
In 1961 Mercado and Lantican (37) observed four single 
crosses, five double crosses, and several inbred lines, all 
containing Tcms and compared them with their normal (N) 
cytoplasm counterparts in relation to their susceptibility 
to H. maydis. In every comparison the Tcms maize was more 
susceptible to H. maydis than the same lines containing N 
cytoplasm. 
In 1969, according to Ullstrup (64), Scheifle, Martin­
son, Ullstrup, and Hooker observed a new disease of maize 
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affecting the leaves and ears of maize in southern Iowa, 
Illinois, and Indiana. The causal agent was determined to 
be H. maydis and subsequent research by Scheifle et (50) 
determined that plants containing Terns were extremely sus­
ceptible to the organism isolated from these plants. Hooker 
et al. (24) made isolations of the H. maydis ravaging the Tcms 
maize and discovered a new strain of the fungus that produced 
a toxin specifically active toward maize lines containing 
Tcms. This toxin was not produced by his old isolates of 
H. may^dis and these isolates showed no specificity for Tcms 
maize. He designated the new strain race T. The former 
strain was designated race 0. 
The epiphytotic of Southern corn leaf blight in the 
United States in 1970 is history and well recorded (64) . It 
stimulated much interest and research on Southern corn leaf 
blight and the new race of the pathogen. Two million dollars 
were specifically appropriated by Congress for studies of 
this new disease and its control. The USDA and many state 
experiment stations appropriated funds for similar purposes. 
This research, both basic and applied, is being conducted at 
more than 16 institutions across the United States. 
In his first report of the host-specific toxin produced 
by race T, Hooker et al^. (24) used an assay that showed the 
toxin inhibited root elongation of maize containing Tcms more 
than it inhibited roots of N cytoplasm maize. Turner and 
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Martinson (52) reported the host specificity of the toxin 
could be determined by two leaf assay techniques. They used 
these assays to test various cytoplasms in a broad range of 
inbreds and single crosses. Only plants containing Terns or 
Terns Rf (Terns with genetically restored fertility) reacted 
positively to the toxin. The toxin has been shown to cause 
increased electrolyte leakage from leaves inoculated with 
race T spores when compared with N cytoplasm controls (6). 
Halloin et al. (21) have proposed that this could also be used 
as an assay system. 
Before the discovery of race T, Jennings and Ullstrup 
(25) studied the penetration and ingress of H. maydis on both 
resistant and susceptible inbred maize lines at the light 
microscope level. They were unable to find any anatomical 
basis for differences in reaction and concluded that re­
sistance was probably due to some physiological mechanism. 
White et al. (70'i reoorfced nltrastructvirchanaea 
occurring in maize mesophyll cells after inoculation with 
H. maydis race T. They reported the first detectable dif­
ference, rupture of the tonoplast, occurred within 6 hr after 
inoculation. A study by Blanchard (5) revealed an unidenti­
fied matrix material in the intercellular spaces of lesions 
on N leaves that was not present in Tcms leaves. Fungal 
hyphae in N tissue had large amorphic accumulations that 
were not found in hyphae infecting Tcms tissue. Turner (61), 
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working with toxin treated tissue, also found that breakdown 
of the tonoplast was the only observable change that occurred 
at the ultrastructural level. No one has determined the 
reason for differences in resistance to the fungus among 
inbred lines. 
Physiological Resistance 
No anatomical basis for resistance to H= maydis in 
maize inbreds was observed by Jennings and Ullstrup (25). 
There are several other possibilities that exist to ex­
plain resistance. One, as they suggest, is physiological 
resistance. 
Phytoalexins are compounds formed in plants in response 
to an invading organism or some other external irritation. 
The Phytoalexin Theory has been used to explain not only 
host resistance to a pathogen but also the immunity of plants 
to nonpathogenic fungi. The success of a pathogen and the 
failure of a nonpathogen to invade may be due to: (1) greater 
sensitivity of nonpathogens than pathogens to the phytoalexin, 
(2) less or later induction of phytoalexins by the pathogen 
than by the nonpathogen, or (3) the pathogen may possess the 
enzymatic ability to degrade the phytoalexin. Phytoalexins 
have been reported in carrots (8, 9), alfalfa (22), barley (38), 
potatoes (30, 32), peas (13), beans (12), and many other crops. 
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The phytoalexins that have been chemically character­
ized are phenolic compounds or the result of phenol metabo­
lism. Phenol concentration in plants has long been associated 
with resistance to fungal invasion. Generally, larger concen­
trations of phenols impart greater resistance by the plant 
to a pathogen. 
Walker and Link's (69) work with onion showed that onions 
accumulate various compounds in the outer bulb scales which 
are responsible for resistance to Colletotrichum circinans 
Berk. Lee and LeTourneau (33) have found a specific phenol, 
chlorogenic acid, present in higher amounts in the roots of 
potato varieties resistant to Verticillium wilt than in sus­
ceptible varieties. 
Two enzymes, polyphenol oxidase and peroxidase, that 
oxidize polyphenols to the highly toxic quinones, are im­
portant in explaining resistance imparted by phenols (20, 27) 
Increased polyphenol oxidase and peroxidase activity may be 
due to the production of these enzymes by the invading organ­
ism in addition to those present in the plant. Botrytis 
cinerea Pers. produces enzymes that release compounds which in 
turn release latent polyphenol oxidase (15). Oku (46) found 
the fungus Cochliobolus miyabeanus Drechs. produces poly­
phenol oxidase and concluded that production of this enzyme 
plays an important part in "brown spot formation" connected 
with the disease syndrome. Later Oku (47) concluded that 
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resistance in the rice plant is due to fungal oxidation 
products, probably quinones, which are derived from the 
host cells. 
Oku (47) tested several of the common polyphenols to 
determine their effect on growth of C. miyabeanus in culture. 
Farkas and Kiraly (20) found that C. miyabeanus growing 
vitro could produce a B-glucosidase which liberated phenols 
from their inactive glucoside forms in self-limiting concen­
trations . 
Kiraly and Farkas (27) found that the speed of phenol 
accumulation in infected tissues correlated with stem rust 
infection type. Resistant tissue showed consistently faster 
phenol accumulation. Daly (14), however, showed that at 
the resistant stage of disease development an analysis 
for total, combined, and bound phenols revealed no differ­
ences between healthy and inoculated leaves, or resistant 
and susceptible leaves. 
The 1,4-benzoxazolinones are a group of compounds 
found in maize (58) and several other graminaceous plants 
that have fungitoxic properties. In 1955 Virtanen and 
Heitala (65) reported an anti-Fusarium factor from, rye seed­
lings. Ether and acid extracts from rye inhibited cultures 
of Fusarium nivale (Fr.) Cesati grown on agar amended with ex­
tracts. The fungitoxic compound was determined to be 2(3)-
benzoxazolinone (BOA) and it also inhibited the growth of 
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Sclerotinia trifolium Eriks., the causal agent of clover rot. 
The organic synthesis of. BOA was also reported. 
Virtanen and Whalroos (68) found an anti-fungal substance 
in wheat seedling extracts. Upon crushing, with slight acid­
ification, the extracts of tissue had anti-fungal properties 
comparable to extracts from rye seedlings. 6-Methoxy 2(3)-
benzoxazolinone (MBOA) had been synthesized previously and 
was shown to be the active compound in wheat extracts. 
Virtanen and Heitala (57) , at the same time as Virtanen 
and Whalroos were working on wheat extracts, isolated a pre­
cursor of BOA from rye seedlings. Glucose was attached to 
it and enzymatic activity resulted in the formation of BOA. 
In a subsequent publication (68), an intermediate, 2,4-
dihydroxy-1,4-(2H)-benzoxazin-3-one (DIBOA) was described 
that had only half the anti-Fusarium effect of BOA. In 1960 
a complete method was described for the extraction of this 
iiiteraiiediate (the aglucone) . Turner (58) reported the 
presence of a substance in oat sap which inhibited the "take-
all" fungus Ophiobolus graminis Crechs. The inhibitor was 
present in root and leaf meristems. He determined that 0. 
graminis var. avenae produced a specific glucosidase which 
would destroy the biological activity of the glucoside in­
hibitor thus allowing 0. graminis var. avenae to infect the 
oat plants resistant to 0. graminis. 
In 1945 Johann and Dickson (26) reported a growth 
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retarding factor present in ether extracts of corn 
stalks. Ether extracts effectively inhibited Diplodia zeae 
Schw., Gibberella zeae Schw. , and Nigrospora sphaerica Sacc. 
but had little effect on G. fujikoroi Saw. It was also re­
ported that certain inbred lines contained greater concen­
trations of the inhibitor than others. Loomis et (34) 
reported that Pénicillium chrysogenum Thorn was inhibited in 
an assay medium containing what was termed Resistance Factor 
A. Medium containing this compound exposed to the air re­
mained free from contamination whereas in the absence of A it 
was rapidly contaminated with fungal growth. Corn susceptible 
and resistant to European corn borer (Ostrinia nubilalis) 
was tested using P. chrysogenum as a bioassay for resistance. 
Ether extracts from resistant tissue were found to have more 
effect on P. chrysogenum than did susceptible tissue extracts. 
Smissman et (52, 53) confirmed this and through crude 
purification concluded the compound responsible for inhibi­
tion of the fungus to be MBOA. 
Klun and Brindley (28) tested eleven maize inbreds with 
known resistance ratings to European corn borer. An isotope 
dilution technique was employed to quantitatively determine 
the potential MBOA content of each inbred. A high correla­
tion was. found to exist between MBOA in the whorl and 
field resistance ratings of the eleven inbreds. Bioassay of 
I4B0A showed it to be a inhibitor of borer pupation when 
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incorporated into an artificial diet. Extensive analyses by 
Klun and Robinson (29) of 2,4-dihydroxy-7-methoxy-l,4 
(2H)-benzoxazin-S-one (DIMBOA) and DIBOA contents showed they 
occurred in high concentrations and were highest in the 
embryonic plant. Concentrations were highest in roots and 
then in decreasing order in the stalk, whorl, and leaf. Con­
centration of DIBOA was found to be 1/10 to 1/20 that of 
DIMBOA. Results of feeding bioassays with borers suggested 
that the active agent might be DIMBOA, a precursor to MBOA. 
Subsequent research (30) on the genetic nature of the concen­
tration of DIMBOA in a diallel set of eleven maize inbreds 
concluded that DIMBOA was indeed the active principle imparting 
resistance to the first brood of European corn borer. 
Several years before Klun reported DIMBOA to be a factor 
in European com borer first brood resistance, MBOA had been 
implicated as a fungal and bacterial resistance factor in 
maize. Whitney and Mortimore (71) tested extracts from ten 
maize lines and found them inhibitory to Fusarium moniliforme 
Sheldon and Gibberella zeae. They suggested the presence of 
an anti-fungal substance in young maize stalks could account 
for the resistance of young maize to attack by these two stalk-
rotting organisms. Barnes (2) bioassayed extracts of maize ex­
tracted to hot water, ether, hot benzene, 1-butanol, and 80% 
ethanol against G. zeae and reported an anti-fungal substance 
in these extracts. Whitney and Mortimore (74) prepared an 
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extract from corn tissue and found it inhibited growth of 
Pyrenochaeta terrestris Hans. and Diplodia zeae as well as 
G. zeae and F. moniliforme as previously reported. In 1961 
ether extracts from sweet corn (Zea mays var. saccharata 
Sturtev.) were shown to inhibit growth of Xanthomonas 
stewartii Dowson (72). Whitney and Mortimore 173) proposed 
the bioassay of diethyl ether extracts from corn could be used 
as an indication of resistance to root and stalk rot. 
Some cyclic hydroxamic acids in corn have been implicated 
as factors imparting resistance to Helminthogporium turcicum 
Pass. Anglade and Malot (1) reported high correlation be­
tween resistance ratings of some inbred lines of corn to 
European corn borer and their resistance to Northern Leaf 
Blight. It was postulated that DIMBOA, the same biological 
factor responsible for the corn borer resistance, also im­
parted resistance to H. turcicum (36) . Corture et a2. (10) 
working with the Ht gene that conditions chlorotic lesion 
resistance i.n corn to H. turcicum and the Ex gene which 
mediates the production of cyclic hydroxamates, as determined 
by a ferric chloride test,has concluded that DIMBOA is re­
sponsible for initial resistance of corn to attack by H. 
turcicum. These conclusions were based on DIMBOA's spore 
germination inhibition properties and the fact that corn with 
the Bx gene is resistant to H. turcicum. 
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MATERIALS AND METHODS 
Host and Pathogen 
All maize seed was obtained from Clyde Black and Son 
Seed Company, Ames, Iowa. All plant material tested was 
grown in the greenhouse at temperatures between 23 and 
30 C or in growth chambers (Percival Manufacturing Co., 
Boone, Iowa) under 14-16 hr light at 27-30 C. 
One Tcms maize ear infected with a single lesion was the 
source of inoculum of H. maydis race T. Before each ex­
periment, kernels infected with the fungus were removed 
from the cob, surface sterilized in a 0.525% solution of 
sodium hypochlorite and placed on moist blotter paper in a 
Petri dish. Spores from these kernels were used to produce 
single spore colonies on potato dextrose agar plates. Spores 
collected from these plates were used to inoculate plants, 
to seed flasks for growth inhibition studies, and for spore 
germination assays. 
Inoculum was prepared by washing spores from single 
spore colonies with sterile distilled water. The spore 
suspension was then placed in a "Sure Shot" pressurized 
sprayer (Milwaukee Manufacturing Co., Milwaukee, Wis.) ar.d 
sprayed onto plants. They were placed in a moist chamber 
for 20-24 hr. The plants were then removed and placed in 




Mycelial mat dry weight determinations 
Mycelial mat dry weight was used as a measure of the 
effect various compounds had on growth of H. maydis race T. 
The growth medium selected for use was described originally 
by Malca e_k (35) and obtained from Englander's thesis 
(19) (see Appendix I). It was chosen for its high buffering 
capacity and for the relatively short lag phase of growth 
exhibited by H. maydis race T when cultured on the medium. 
All growth studies were conducted using 10 ml Erlenmeyer 
flasks with a total final volume of 5 ml of solution. Alumi­
num foil caps were fashioned around a 10 ml beaker and used 
to keep flasks sterile. They fit loosely and greatly facili­
tated addition of spore suspensions and test solutions. 
Three ml of basal medium were added to each flask and 
after autovlaving at 10^ dynes/cm^ (121 C) for 15 min, 1 ml 
of H. maydis spore suspension containing from 10,000-15,000 
spores/ml was added to each flask. After 2 days of still 
culture, growth entered the linear phase as determined by 
previous growth curves. Test solutions were added to at 
least 3 flasks for every treatment at this time. Three 
flasks of the two day cultures were processed and repre­
sented the mycelial dry weight at the time when test solu­
tions were added to the cultures. Processing consisted of 
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transferring and washing the mycelial mat from the flask 
to a 50 ml centrifuge tube, centrifuging at 12,000 x % in a 
Sorrall SS-34 head (Ivan Sorvall Inc., Newtown, Conn.), 
transferring and washing the pellet into an aluminum weigh­
ing pan, drying the pellet in a mechanical convection oven 
at 80 C for 24-30 hr, cooling for 1 hr in a desiccator, 
and weighing the sample to the nearest 0.01 mg. 
Spore germination assay 
To test the effect sample solutions had on the germina­
tion of H. maydis race T spores, I devised a spore germina­
tion assay. Spores were removed from single spore cultures 
and passed through four layers of sterile cotton gauze. 
Tomato-vegetable juice (V-8 juice) was centrifuged at 
16,300 X ^ using a Sorvall HB-4 swinging bucket head. The 
pellet was discarded and the supernatant added 1:1 to the 
spore suspension. 
Solutions to be assayed were previously prepared in test 
tubes so that addition of 1 ml of spore suspension (10,000-
12,000 spores/ml) would result in the desired final assay 
solution concentration. The solutions were then incubated 
at iOûîTt temperature (approximately 23 C) on a reciprocal 
shaker. At various times small aliquots of solution contain­
ing the spores were removed with a 1 ml syringe. Samples 
were placed in test tubes and germination of spores was 
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stopped with a 20% acetic acid-1% trypan blue solution. 
Spores in solution were impacted onto a 0.8 ym cellulose 
triacetate filter and 200 spores on the filter surface were 
observed to determine the number germinated. 
Drop Diffusate 
To ascertain whether or not a phytoalexin might be 
responsible for the observed differences in maize inbred 
reaction to H. maydis race T, I employed the drop dif-
fusate technique (13). Leaves were excised from plants 
and placed on the bottom of polystyrene boxes (with lids) 
lined with wet paper towels. A hypodermic syringe was used 
to place drops of water or spore suspension on the leaves. 
The drops, l-2mm apart, were left on leaf surfaces for 24 
or 4 8 hr under a controlled temperature of 30 C, 
Drops were removed from leaves with a hypodermic syringe 
dnu the aulutioii wda pcisaed thiOuyh aii G.S nm celluloàe 
triacetate filter to remove spores and mycelial fragments. 
The filtrate was then used as the test solution in the 
spore germination assay described above. 
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Plant Extracts 
Plant extracts were made to determine their effect on 
growth of H. maydis race T. Leaves were excised from seed­
lings, fresh weight obtained, and then frozen. Plant material 
was dried in a mechanical convection oven at 40 C for 24 
hr and ground in a Wiley mill. Boiling water was then added 
and the vial agitated for 1 min. The aqueous extract was 
passed through tissue paper (Kimwipes) to remove all solid 
material. The extract was then partitioned against an equal 
or slightly greater volume of diethyl ether and the two 
phases separated in a separatory funnel after vigorous 
agitation. 
Ether extracts were placed in a rotary evaporation 
flask with at least twice the final volume of water and 
concentrated to the desired volume. The water phase after 
ether extraction was concentrated without the addition of 
water. Resulting concentrates were all aqueous and adjusted 
to known volumes relative to original fresh weights of tissue 
before adding to the assay system. All solutions were filter 
sterilized using a 0.2 ym cellulose triacetate filter prior 
to adding 'cîierû asepLlcally to the bioausay flasks. 
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Isotope Dilution Assay for 
Benzoxazolinones 
In an attempt to quantitatively determine the concentra­
tion of 2,4-dihydroxy-l,4-{2H)-benzoxazin-3-one (DIBOA) and 
2,4-dihydroxy-7-methoxy-l,4-(2H)-benzoxazin-3-one (DIMBOA) in 
the leaf tissue of both healthy and infected maize inbreds 
the technique of isotope dilution was employed. The use of 
labeled compounds to determine the concentration of 
benzoxazolinones in various inbreds of maize was described 
by Klun et (30) . The procedure for extraction was 
basically the same as that used to obtain plant extracts 
described above. 
Whole 18-24 day old seedlings were harvested at the 
soil level, frozen, dried in a mechanical convection oven 
at 40 C for 24 hr, and ground in a Wiley mill. One-half g 
of the ground tissue of various samples was placed in indi­
vidual vialà for Lhe respective samples. Rcidiclubeled 
2(3)-benzoxazolinone {58.1 yC/mM) and 6-methoxy-2(3)-
z 
benzoxazolinone (147.7 yC/mM), previously prepared by and 
obtained from Dr. J. E. Klun, were added to each sample in 
100 yl aliquots (BOA = 47.4 yg, MBOA = 50.7 yg). Thirty ml 
of boiling distilled water were added to each vial and the 
samples were agitated vigorously. Aqueous extracts were then 
passed through tissue paper (Kimwipes) to remove solid 
material. The extracts were acidified to pH 1 with concen­
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trated hydrochloric acid. 
A 10 ml portion of each aqueous extract was removed and 
partitioned against approximately 12 ml of diethyl ether. 
The ether fraction was pipetted off after shaking and placed 
in a separate vial where it was evaporated to dryness. The 
residue was taken up in 0.4 ml of benzene : ethyl acetate (1:1 
v/v). One hundred fifty yl of each solution was spotted on 
separate 22 cm square thin layer chromatography plates coated 
with silica gel ^254' Chromatographic plates were developed 
using two solvent systems. First, chloroform:ethyl acetate: 
cyclohexane (4:2:2) was used and then cyclohexane:isobutanol 
(85:15) was used to develop the plate at right angles to the 
first solvent movement. 
The compounds were located by viewing the plate under 
ultraviolet light. The benzoxazolinones quenched the fluores­
cence of the gel. The relative positions of each compound 
v;£rs detsrrûiiiéu previously. Sputa-were marked and the gel 
scraped from the plates at that location. Compounds were 
eluted from the silica gel with 95% ethanol. The alcohol was 
allowed to evaporate to dryness and the residue redissolved in 
200 yl of 95% ethanol. 
Twenty ml of a liquid scintillation solution,- consisting 
of 4 g of 2,5-diphenyloxazole and 100 mg of 1,4-bis (5-
phenyloxazole-2-oyl)-benzene diluted to one liter with toluene, 
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were placed in scintillation vials. A 100 \il aliquot of 
each sample was added to the scintillation solution. Samples 
were counted on a Beckman Model DPM-100 (Beckman Instruments 
Inc., Fullerton, Calif.) scintillation counter. The machine 
efficiency was determined to be 94.4%. All counts per minute 
were automatically converted to disintegrations per minute 
by the counter. Each sample was counted to 1% error using a 
fixed window module (ISO-SET) programmed to count only 
Concentration of the benzoxazolinones in the eluates from the 
silica gel was determined by absorbance using a Beckman DBG 
spectrophotometer set at 285 nm for MBOA and 274 nm for BOA. 
A 50 ul aliquot of each sample was diluted to 5 ml with 95% 
ethanol, an absorbance reading obtained, and the concen­
tration determined from a standard curve for each compound 
(see Appendix B)Actual amounts of each compound present 
in the tissue were obtained by applying absorbance data plus 
liquid scintillation data to the formula given by Klun 
et al. (30) , 
SA. 
" = y (si; -
where SA^ = initial specific activity of pure radiolabeled 
compound, SA^ = final specific activity, y = concentration 





Maize seedlings were harvested and 5 g of fresh tissue 
ground in a cold mortar and pestle at approximately 4 C. 
Sodium citrate buffer (pH 4.6, 0.5 M) was added, to the 
tissue in a ratio of 1 ml buffer per g of tissue. Expressed 
juice was squeezed through 4 layers of cotton gauze into a 
centrifuge tube. The sample was centrifuged at 12,000 x g; 
for 20-3- min at 2 C and the resulting supernatant used as 
the enzyme source. 
Reaction mixtures consisted of 0.6 ml of 0.5 M citrate 
buffer (pH 4.6), 0.3 ml of 25 yM p-nitrophenyl-g-D-gluco-
pyranoside (Pierce Chemical Co., Rockford, 111.), and 0.15 
ml of enzyme preparation. The reaction was performed at 
room temperature (approximately 23 C) for 10 min and stopped 
by adding 1,95 ml of 0.2 M sodium carbonate solution. 
Absorbance of the solution was measured using a spectro­
photometer (Spectronic 20, Bausch and Lomb) set at 400 nm. 
The relative activity of enzyme present was calculated from 
a solution containing 0.06 micromoles of p-nitrophenol/ml 
that had an absorbance reading of 0.360 at 400 nm (Nevins, 
D. J., Personal Communication). A control of the reaction 
mixture minus substrate was performed and the value ob­




Seedlings were harvested and leaf tissue placed in a 
cold mortar. Water was added using 1 ml for every g of 
tissue. Juice from each sample was forced through 4 layers of 
cotton gauze and centrifuged at 12,000 x g for 10 min. The 
resulting supernatant was decanted and used as the crude 
enzyme preparation. 
The reaction mixture consisted of 1 ml of 0.1 M sodium 
citrate - phosphate buffer (pH 4.1), 1 ml of 0.1 H p-
phenylenediamine, 0.4 ml of 0.1% hydrogen peroxide, 1 ml 
of enzyme preparation, and 2.6 ml distilled water in a 12 
mm spectrophotometer tube. The reaction mixture was mixed 
and the instrument adjusted to zero absorbance. Absorbance 
of the mixture at 458 nm was recorded every 30 sec for a 
period of 5 min. on a Spectronic 20 (56). All results were 
expressed as absorbance of the solution after 5 min. 
Polyphenol oxidase 
Leaf tissue was obtained from seedlings, weighed, and 
placed in a cold mortar. Samples were ground with one 
volume of cold water (approximately 4 C). The expressed 
juice was squeezed through 4 layers of cotton gauze and 
centrifuged at 12,000 x £ for 10 min at 2 C. The super­
natant was used as the enzyme source. 
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Two ml of enzyme preparation, 2 ml of water, and 1 ml 
of phosphate buffer (pH 7.0) were added to a 12 mm spectro­
photometer tube. The solution was thoroughly mixed and placed 
in the spectrophotometer (Spectronic 20) set at 495 nm to 
zero the instrument. The tube was then removed and 1 ml 
of catechol solution containing 0.4 mg/ml in distilled 
water was added to the tube. The solution was mixed and 
placed immediately into the spectrophotometer. The spectro­
photometer was then adjusted to zero absorbance. Absorbance 
readings were taken every 30 sec for 5 min (48) . All re­
sults were expressed as absorbance of the solution after 5 
min. 
Total Phenols 
The method used to analyze for total phenols was adapted 
from the procedure used by Seevers and Daly (51) to test for 
total phenols in wheat leaves. Leaves were harvested, 
weighed, and placed in a small blender. Tissue was ground 
with enough methanol to give a ratio of 100 mg fresh weight 
of tissue per 1 ml of methanol. Methanol extracts were 
filtered through tissue paper (Kimwipes) to remove solid 
material. 
Five ml of test solution were placed in 50 ml flasks 
and 10 ml of 2.8 N sodium carbonate were added. Three ml of 
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Folin-Denis reagent (Fischer Scientific Co.), diluted from 
stock with two volumes of water per one of stock, were added 
and allowed to react for 5 min. The solution was centrifuged 
to remove any precipitate and the absorbance read on a 
Spectronic 20 set at 560 nm. Absorbance readings were com­
pared to a caffeic acid standard curve (see Appendix B). 
An alternate method for extraction was also employed. 
Water was substituted for methanol and centrifugation was 
eliminated. The other steps were carried out in exactly the 
same manner. 
Statistical Analysis 
All statistical analyses were carried out according to 
the procedure outlined by Snedecor and Cochran (55) for 
analysis of variance. Assistance with computations and 
interpretations was obtained from Mr. Jerald W. Fisher. 
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RESULTS 
Determination of Resistance 
Ranking 
Plants of ClOSTcms, B37Tcms, and WF9Tcms were inoculated 
with spores of Helminthosporium maydis race T at standard 
rates and placed in a moist chamber for 24 hr at 30 C. Plants 
were then removed and placed in a growth chamber for 5 days 
and typical leaves with lesions were photographed (Figures 1, 
2, and 3). The length of the necrotic area of 10 lesions 
per leaf was measured and the average necrotic lesion lengths 
were: C103Tcms 1.9 mm, B37Tcms 3.3 mm, and WF9Tcms 6.9 mm. 
This experiment was repeated several times and the relative 
ranking of inbreds was always the same. Cl03Tcms always had 
the smallest necrotic lesions, B37Tcms had intermediate size 
necrotic lesions, and WF9Tcms always had the largest necrotic 
lesions. In several experiments Oh43Tcms was also included 
and the necrotic lesion size was always intermediate to 
Cl03Tcms and WF9Tcms necrotic lesions. Size of lesion could 
vary with the temperature. Thus ClOSTcms, B37Tcms or 
Oh43Tcms, and WF9Tcms were selected as resistant, inter­
mediate, and susceptible respectively, based on their observed 
reaction when inoculated in the growth chamber with Helmintho­
sporium maydis race T and on reports that different Tcms 
inbreds react differently to H. maydis race T (23). 
Figure 1. C103Tcms leaves showing lesions caused by 
Helminthosporium maydis race T, healthy 
leaf is on the left (average necrotic 
lesion length was 1.9 mm - 1.8 magnification) 
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Figure 3. WF9Tcms leaves showing lesions caused by 
He Iminthosporiuin may dis race T, healthy 
leaf IS on the left (average necrotic lesion 
length was 6.9 mm - 1.8 magnification) 
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Tests of Phytoalexin 
Production 
The drop diffusate technique was used to determine 
whether a phytoalexin or phy to ale xin-type compound was 
responsible for greater resistance to Helminthosporium maydis 
race T in certain inbreds of maize. H. maydis race T spores 
were used to induce possible phytoalexin production for 
periods of 24 and 4 8 hr. Combined drop solutions collected 
from ClOSTcms and WF9Tcms after 24 hr were found to inhibit 
germination of H. maydis race T spores. Solutions from 
WF9Tcms inhibited germination more than did combined drops 
from ClOSTcms (Table 1). When drops remained on the leaves 
for 4 8 hr before being collected combined drops from WF9Tcms 
exhibited the greatest inhibitory properties when compared 
with Oh43Tcras and ClOSTcms drop diffusate (Table 2). 
Spores of a stalk rot pathogen (commonly not a leaf blade 
pathogen) were used in an attempt to induce phytoalexin. 
Fusarium moniliforme microconidia were used as inducer spores 
for 24 hr on Oh43Tcms leaves which exhibit intermediate 
resistance to Southern corn leaf blight. Combined drops 
were bioassayed for inhibition of H. maydis race T spore 
germination. No germination inhibition resulted. 
Phytoalexin production may be stimulated by a pathogen, 
but because the organism has a low sensitivity to the 
compound, inhibition of germination may not occur. H. maydis 
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Table 1. Germination of Helminthosporium maydis race T 
conidia in 24 hr drop diffusate produced on two 
inbred lines of maize when H. maydis race T 
conidia were either present or absent in the 











^Results are expressed as percent of the germination 
obtained in vegetable juice and water only; 200 spores/ 
sample were counted after 60 min. 
Table 2. Germination of HeIminthosporium maydis race T 
conidia in 48 hr drop diffusate produced on three 
inbred lines of maize when H. maydis race T 
conidia were present in the drops of the maize 
leaves 
Inbred Percent Germination After' 90 mm 120 min 







Results ara expressed as percent of the germination 
obtained in vegetable juice and water only at the respective 
times; 200 spores/sample were counted. 
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race T spores were used as inducer spores in drops placed on 
Oh43Tcms leaves for 24 hr. Spores of Nigrospora sphaerica, 
an ear rot organism (commonly not a leaf blade pathogen), 
were bioassayed for inhibition by the drop diffusate. The 
results indicated there were no compounds in the drop dif­
fusate which inhibited germination of Nigrospora sphaerica 
spores. 
Induction of Inhibitory Compounds 
During Infection 
water drops containing spores of K. maydis race T were 
placed on leaves of ClOSTcms, B37Tcms, and WF9Tcms in a 
manner identical to that used when testing for phytoalexin 
production (see above section). After 24 and 48 hr, drops 
were removed and the infected leaves were extracted in water 
(0.01 g leaves/ml water). The standard spore germination 
bioassay was employed using K, maydis race T spores. In­
fected leaves of Oh43Tcms instead of B37Tcms were used in 
the 48 hr experiment. The extracts from leaves having drops 
with spores on them for 24 hr inhibited spore germination 
only slightly (Table 3). Extracts from leaves having drops 
on them for 43 hr greatly reduced spore germination (Table 
4). The amount of inhibition for each inbred did not corre­
spond to relative resistance rankings of the inbreds. 
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Table 3. Germination of Helminthosporium maydis race T 
conidia in aqueous extracts of infected leaves 
from three inbred lines previously having water 
drops plus spores of H. maydis race T on them 
for 24 hr 
, . J Percent Germination at^ 
Inbred 60 mm 80 .mm 110 mm 
Cl03Tcms 36.6 54.4 86.6 
B37Tcms 21.1 33.0 89.3 
WF9Tcms - 45.5 81.3 
^Results are expressed as percent of the germination 
obtained in vegetable juice and water only, at the respective 
times; 200 spores/sample were counted. 
Table 4. Germination of Helminthosporium maydis race T 
conidia in aqueous extracts of infected leaves 
from three inbred lines previously having water 
drops plus spores of H. maydis race T on them 
for 48 hr 












Results are expressed as percent of the germination 
obtained in vegetable juice and water only, at the respective 
times; 200 spores/sample were counted^ 
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Mycelial Growth Inhibition 
Two compounds found in maize, 2(3)-benzoxazolinone 
(BOA) and 2,4-dihydroxy-7-methoxy-l,4-(2H)-benzoxazin-3-
one (DIMBOA) were obtained in pure form in quantities large 
enough to test them at various concentrations against the 
growth of H. maydis race T mycelium. 
Molar concentrations were selected to encompass concen­
trations of BOA and MBOA found in maize by Klun et al. (30). 
Growth of H. maydis race T mycelium was significantly re­
duced when grown in 3 x 10 ^ M solution of DIMBOA (Figure 
-3 4). Growth was also retarded when 1 x 10 M concentration 
was used. However, no significant differences were found 
between mycelial mat dry weights of mycelium grown in a 
-3 -4 1 X 10 M or 1 x 10 M solution compared to the control. 
Growth of H. maydis race T in a 1 x 10 ^ M solution of 
BOA was significantly reduced after eight days compared to 
the control (Figure 5). No significant differences were 
-4 found when the organism was grown in a 1 x 10 M BOA 
solution compared to the control. 
The aglucone of BOA, 2,4-dihydroxy-l,4-(2H)-benzoxa-
zin-3-one (DIBOA) . and the breakdown product of DIMBOA. 
6-methoxy-2(3)-benzoxazolinone (MBOA), were obtained in pure 
form (through synthesis) from Dr. C. L. Tipton and were 
tested along with BOA and DIMBOA for the effect on mycelial 
Figure 4. Mycelial mat dry weight of Helminthosporium 
maydis race T mycelium grown in basal medium 
amended after 2 days with stock solutions of 
DIMBOA to give final concentrations .of 
3 X 10-3 M, 1 X 10-3 M, and 1 x lO"* M (LSD 
(0.05) at 8 days = 54.39 mg, LSD (0.01) at 
8 days = 82,43 mg) 
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Figure 5= Mycelial mat dry weight of Kelminthosporium 
maydis race T mycelium grown in basal medium 
amended after 2 days with stock solutions of 
B O A  t o  g i v e  f i n a l  c o n c e n t r a t i o n s  o f  1  x  1 0 M  
and 1 X 10-4 ^  (LSD (0.05) at 8 days = 57.49, 
LSD (0.01) at 8 days = n.s.) 
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growth of H. maydis race T at a concentration of 1 x 10 M. 
BOA and DIBOA caused significant reduction in growth when 
compared to the control, DIMBOA, and MBOA (Figure 6), No 
significant differences were observed between the mycelial 
may dry weights from the MBOA treatment compared to the 
control. It must be pointed out that in Figures 4 and 5 
compared to Figure 6, although the growth rates of the 
organism were obviously different, this did not change the 
relative level of inhibition by the compounds compared to 
their respective controls. 
-4 Stock solutions used to test each compound at 1 x 10 M 
were combined on a 1:1 basis and tested for mycelial growth 
inhibition to ascertain whether the compounds, when combined 
in pairs, have a greater anti-fungal activity than when alone. 
Combinations of pure compounds caused a significant reduction 
in mycelial mat dry weight compared to the control (Table 5). 
Noiie o£ the compound coinbinarions inhibited growth signifi­
cantly compared with any of the other combinations. 
An isolate of H. maydis race 0 was obtained, and its 
growth tested in solutions of BOA, DIBOA, DIMBOA, and I4B0A 
-4 
at a concentration of 1 x 10 M. The anti-fungal activity 
of the compounds to race 0 (Figure 7) was nearly the same 
as that observed to race T of H. maydis (Figure 6). 
An experiment to determine if H. maydis race T could use 
BOA as a sole carbon source was also conducted. Basal medium 
Figure 6. Mycelial mat dry weight of Helminthosporium 
maydis race T grown in basal medium amended 
after 2 days with stock solutions of DIMBOA, 
MBOA, DIBOA, and BOA to give a final con­
centration of 1 X 10-4 M (LSD (0.05) at 8 
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Table 5. Net increase in mycelial mat dry weight of 
Helminthosporium maydis race T after 4 days 
in basal medium amended with stock solutions 
of all paired combinations of DIMBOA, MBOA, 
DIBOA, and BOA to give a final concentration 




(mg) (mg) (mg) (mg) 
DIBOA + BOA 34.69 32.66 36.08 34.47 
DIBOA + MBOA 33.79 33.12 33.46 33.45 
DIBOA + DIMBOA 18.57 31.73 32.05 27.45 
DIMBOA + BOA 24.75 27.66 28.45 26.95 
DIMBOA + MBOA 39.98 28.67 25.10 31.25 
MBOA + BOA 23.44 33.27 28.35 28.35 
BOA 22.40 32.01 29.93 28.04 
Control 50.23 43.62 39.92 44.59 
LSD (0.05) 9.27 
LSD (0.01) n.s. 
^All cultures were 2 days old at the time of amendment. 
minus the sucrose carbon source was seeded with H. maydis 
race T spores and BOA was added to give a final concentration 
-3 
of 1 X 10 M. Observations were made over a period of 38 
days. After that time there appeared to be very minimal 
growth. Several flasks were selected and the contents plated 
on potato dextrose agar plates. It was found the fungus had 
Figure 7. Mycelial mat dry weight of Helminthosporium 
Maydis race 0 when grown in basal medium amended 
after 2 days with stock solutions of DIMBOA, 
MBOA, DIBOA, and BOA to give final concentra­
tions of 1 X 10"4 M 
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remained alive after conidial germination even though growth 
had been arrested. 
Plant Extracts 
A modified procedure for extraction and purification of 
benzoxazolinones was used to obtain plant extracts to be 
bioassayed for inhibition of mycelial growth of H. maydis 
race T. Twenty g of ClOSTcms, Oh43Tcms, and WF9Tcms leaves 
were harvested. Half of each sample was frozen and dried in 
an oven at 40 C. The other 10 g of tissue was extracted im­
mediately. The dry tissue was extracted with boiling water 
while fresh tissue extracts were obtained using water at room 
temperature. Both water extracts were partitioned against 
diethyl ether. Ether fractions were made aqueous by evapo­
ration under reduced pressure into water and concentrated 
to a final volume of 10 ml. Aqueous fractions were also 
\ JL.  ^ Ju. J— n «P  ^ n  ^ V 'C 1  ^  ^  ^ 1^* Ci uiswii uw Ck jud^iioLJ. vwxuittc: wo. xu mx • Wilts UlX Wl. 
solution was added to each growth flask bringing the total 
volume in the flask to 5 ml. 
Ether fractions of fresh tissue caused significant 
reduction in growth of H. maydis race T compared to water 
fractions (Table 6). No significant differences were noted 
among the inbreds. Significant differences were found in 
the anti-fungal activity of dry tissue extracts among inbred 
lines ClOSTcms, Oh43Tcms, and WF9Tcms (Table 7). Ether 
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Table 6. Net increase in mycelial mat dry weight of 
Helminthosporium maydis race T after 4 days 
growth in basal medium amended with aqueous and 
ether fractions of extracts from fresh tissue of 
three inbred lines of maize.^ Extracts were 
concentrated so 1 ml of test solution represented 





















^All cultures were 2 days old at the time of amendment. 
^Mean of 3 replications. 
°LSD (0,05) 7.03, LSD (0.01) n.s. 
fractions of these extracts reduced mycelial mat dry weight 
significantly compared to the water fraction from the same 
inbred. 
When extracts from fresh tissue were concentrated, 
under reduced pressure, to a final volume such that the 
material in 1 ml of extract represented that from 1 g of 
tissue fresh weight, the ether fractions exhibited significant­
ly greater anti-fungal activity (Table 8). The amount of 
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Table 7. Net increase in mycelial mat dry weight of Helmin-
thosporium mavdis race T after 4 days growth in 
basal medium amended with aqueous and ether frac­
tions of extracts from frozen and dried tissue of 
three inbred lines of maize.^ Extracts were con­
centrated so 1 ml of test solution represented the 
material in 0.2 g of fresh tissue 
Inbred Extract from Tissue 
Water Fraction Ether Fraction Inbred Mean 
(mg) (mg) 
ClOSTcms 40.61^'° 17.13 28.87 
Oh43Tcms 35.42 16.67 26.05 
MFSTcms 59.43 12.97 36.20 
Control 53.35 53.35 53.35 
Fraction mean 47.20 25.03 LSD(0.05) 7.97 
LSD(0.01) n.s. 
^All cultures were 2 days old at the time of amendment. 
'^Mean of 3 replications = 
"^LSD (0.05) inbred x fraction 11.30, LSD (0.01) inbred 
X fraction n.s. 
mycelial growth reduction corresponded with observed re­
sistance in inbred lines to H. maydis race T. Significant 
differences were also observed among inbred lines when com­
pared to each other and to the control. When ether fractions 
were autoclaved their relative anti-fungal activity remained 
essentially unchanged. 
Fresh infected and healthy tissues were extracted by the 
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Table 8. Net increase in mycelial mat dry weight of Helmin-
thosporium maydis race T after 4 days growth in 
basal medium amended with aqueous and ether frac-^ 
tions of extracts of three inbred lines of maize. 
Extracts were concentrated so 1 ml of test solu­
tion represented the material in 1 g of tissue 
Inbred Extract from Tissue 






















LSD (0.05) 9.02 
LSD (0.01)12.28 
LSD (0.05) 6.38 
LSD (0.01) 8.68 
^All cultures were 2 days old at the time of amendment. 
^Mean of 3 replications. 
^LSD (0.05) inbred x fraction 12.76, LSD (0.01) inbred 
X fraction 17.37. 
above procedure used for fresh tissue. Concentrations were 
such that 1 ml of test solution represented the material 
present in 1 g of fresh tissue. Ether fractions were tested 
for inhibition of mycelial growth of H. maydis race T. 
Extracts of infected tissue caused a significant reduction 
in growth when compared to healthy (Table 9), Differences 
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Table 9. Net increase in mycelial mat dry weight of Helmin-
thosporium maydis race T after 4 days growth in 
basal medium amended with ether fractions of 
extracts of three inbred lines of maize either 
healthy or infected with H. maydis race T. 
Extracts were concentrated so 1 ml of test solu­
tion represented the material in 1 g of tissue 
Ether Extracts from 
Infected Tissue Healthy Tissue Inbred mean 
(mg) (mg) (mg) 
ClOSTcms 0.52^'° 18.36 9.44 
B37Tcms 14.61 34.74 24.68 
WF9Tcms 13.61 30.40 22.00 
Control 58.72 58.72 58.72 
Treatment mean 21.86 35.55 LSD (0 .05) 3.38 
LSD (0 .05) 2.39 
LSD (0 .01) 4.60 
LSD (0 .01) 3.25 
^All cultures were 2 days at the time of aimendment. 
^Mean of 4 replications. 
"^LSD (0.05) inbred x injection 4.78, LSD (0.01) inbred 
X infection 6.51. 
in anti-fungal activity of extracts were also found to be 
significant among the inbred lines when compared to the 
control. 
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Quantitative Assay of Benzoxazolinones 
Benzoxazolinone compounds tested against mycelial growth 
of H. maydis race T were inhibitory to the fungus. Plant 
tissue extracts tested indicated that the greatest anti­
fungal activity was found in the ether fraction where the 
benzoxazolinone compounds are found. In an attempt to 
determine if differences in concentration of the benzoxa­
zolinones in maize tissue could account for the observed 
variation in resistance between the inbreds, the isotope 
dilution technique was used to analyze seedling tops for the 
compounds. Three experiments were performed. 
Statistical analysis of isotope dilution data revealed 
that the amount of MBOA and BOA was significantly higher in 
B37Tcms leaves compared to C10 3Tcms and WF9Tcms leaves 
(Table 10). Levels of the compounds were not significantly 
different between C103Tcms and WF9Tcms leaves. There was a 
significant reduction in the amount of total compound (both 
MBOA and BOA) present in infected tissue compared to healthy 
tissue. No differences were found when MBOA and BOA were 
considered separately. Only when the total of both compounds 
was considered were differences between healthy and infected 
tissue significant. 
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Table 10. Quantities of DIMBOA and DIBOA present in three 
inbred lines of maize infected with Helmintho-
sporium maydis race T and healthy as measured 
by isotope dilution of MBOA and BOA 
Inbred Healthy Infected Inbred MBOA BOA MBOA BOA mean 
(mg) (mg) (mg) (mg) 
3.46^ 3.34 2 . 3 2  2.01 2.78 
6.68 3.69 5.56 3.47 4.85 
3.07 1.17 2.57 1.48 2.21 
3. 66 2.90 
1. 51 LSD (0.05) 0.88 








^ean of 3 individual experiments. 
Total Phenols 
The quantities of 1,4-benzoxazolinones in inbreu lines 
of corn did not totally account for differences among the 
lines in resistance to H. maydis race T. Total phenols were 
assayed in an attempt to find a more complete explanation. 
Three experiments were performed using 18-24 day old seed­
lings of Cl03Tcms, B37Tcms, and WF9Tcms to obtain total 
phenol data. Infected tissue was inoculated according to 
the standard procedure with K. maydis race T, Statistical 
analysis of total phenol data revealed significant dif­
ferences in phenol content among inbred lines (Table 11). 
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Table 11. Total phenols present in methanol extracts of 
three inbred lines of maize, healthy and in­
fected with Helminthosporium maydis race T. 
The numbers represent mg of phenols present in 
100 mg of tissue fresh weight as indicated by 
caffeic acid standard curve (absorbance was 
read at 560 nm) 






B37Tcms .251 .325 .264 
WF9Tcms .190 .273 .221 
LSD (0 .05) .046 
LSD (0 .01) n.s. 
^Mean of 3 individual experiments ; there were signifi­
cant differences between experiments. 
Cl0 3Tcms had the highest phenol level and B37Tcms was inter­
mediate with WF9Tcms having the lowest amount. Much fluctua­
tion occurred between Lvtal phenol experiments. Differences 
between experiments were found to be significant at the 
0.01 leva1. 
Aqueous extracts of dry and fresh tissue, healthy and 
infected, were analyzed for total phenols. No significant 
differences were found among inbred lines in either dry or 
fresh tissue extracts. Values ranged from 0.04 8 to 0.126 
mg/ml of extract of total phenols relative to caffeic acid. 
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Enzyme Activity 
ClOSTcms, B37Tcms, and WF9Terns seedlings 18-24 days 
old were used in all enzyme analyses. Infected tissue was 
inoculated according to the standard procedure with H. 
maydis race T. 
Two experiments were performed to determine peroxidase 
levels in the three inbred lines both healthy and infected 
with H. maydis race T. A significantly higher level of 
peroxidase activity was found in B37îcins tissue but no sig­
nificant differences were observed between ClOSTcms and 
WF9Tcms tissue (Table 12). No significant differences were 
observed in peroxidase activity between healthy and in­
fected tissue. 
An experiment was performed to determine levels of 
polyphenol oxidase in healthy and infected tissue of the 
three inbred lines. Polyphenol oxidase activity was found 
to increase significantly in infected tissue compared to 
healthy (Table 13) . B37Tcms had significantly higher levels 
of this enzyme compared to ClOSTcms and WF9Tcms. Tissue 
of WF9Tcms had a significantly higher enzyme activity com­
pared to ClOSTcms tissue. 
The enzyme g-glucosidase is responsible for releasing 
DIBOA and DIMBOA from their respective glucosides in the 
plant. Two experiments were performed to determine g-
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Table 12. Peroxidase enzyme activity in extracts from three 
inbred lines of maize, healthy and inoculated 
with Helminthosporium maydis race T. Numbers 
indicate total change in absorbance of solutions 
at 4 85 nm after 5 min reaction time 








.298 . 369 
.145 .188 
LSD (0.05) .135 
LSD (0.01) n.s. 
^Mean of 2 individual experiments. 
glucosidase activity in healthy and infected tissue. 
Statistical analysis showed significantly higher levels of 
g-glucosidase in infected tissue compared to healthy tissue 
(Table 14) . ESVTcir.s had significantly higher activity than 
C103Tcms or WF9Tcms, while the 6-glucosidase activity in 
C10 3Tcms tissue was significantly higher than in WF9Tcms 
tissue. The observed differences did not correspond to the 
observed differences in resistance among inbred lines. 
A large sample was taken of healthy and infected tissue 
of each inbred. Subsamples were taken from these and analyses 
were made for total phenols, peroxidase, and g-glucosidase. 
Results appear in Table 15. These results have also been in­
corporated into the appropriate tables giving respective data 
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Table 13. Polyphenol oxidase activity in extracts of healthy 
and infected inbred lines of maize inoculated with 
Helminthosporium maydis race T. Numbers indicate 
absorbance of test solutions at 495 nm 
Inbred Infected Healthy Inbred mean 
CL0 3Tcms .041^'^ .014 .027 
B37Tcms .260 .285 .272 
WF9Tcms .148 .116 .132 
LSD (0.05) .003 
LSD (0.01) .005 
^Mean of 2 replications. 
^LSD (0.05) inbred x infection .004, LSD (0.01) inbred x 
infection .007. 
Table 14. g-glucosidase enzyme activity in extracts from 
three inbred lines of maize, healthy and infected 
with Helminthosporium maydis race T 
Microrr.oles of ^ronnct/ml Extract^ 
Inbred Healthy Infected 
1 2 "I T~ 
C10 3Tcms .048 .092 .133 .116 .102 
B37Tcms .143 .148 .187 .117 .156 
WF9Tcms .017 .061 .107 .106 .078 
Treatment mean . 133 .085 
LSD (0 .05) 
.047 LSD (0 .05) .034 
LSD (0 .01) .077 LSD (0 .01) .054 
^Calculations of micromoles based on the ratio that a 
solution containing 0.05 micromoles of p-nitrophenol has an 





Table 15. Total phenols, peroxidase, and 8-glucosidase 
activity in aliquots of one maize sample from 
three inbred lines healthy and infected with 
Helminthosporium maydis race T 
Inbred Total Phenols^ 















^Total phenol data appear in Table 11. 
^Peroxidase data appear in Table 12. 
^g-glucosidase data appear in Table 14. 
from other analyses. It can be noted that variability occurs 
among samples taken at different times. When compared with 
previous results, the relative ranking of inbreds did not 
change within an experiment. 
59 
DISCUSSION 
The relative ranking of inbred lines as determined by 
necrotic lesion length corresponded to their susceptibility 
to Helminthosporium maydis race T as reported by Hooker (23) 
(Figures 1, 2 and 3). Two of the three lines tested were 
the same as those tested by Hooker. He did not test Cl03Tcms 
but rather Mol7Tcms, an inbred with a 187-2 x C103 background. 
MolTTcms was found to have a hi-gh degree of relative resistance 
to H. maydis race T compared to other inbreds. 
No evidence was obtained that would support the hypothe­
sis that anti-fungal compounds (phytoalexins) are synthesized 
by maize in response to fungal invasion (Table 1 and 2). 
Anti-fungal compounds were present in drop diffusâtes after 
ingress had obviously occurred. Inhibition was greatest in 
drop diffusâtes Ixom Lhe mOsL susceptible inbred line 
(WF9Tcms) and least in the most resistant inbred (C10 3Tcms). 
Drops on WF9Tcms were much darker brown than those on 
C103Tcms. This would suggest the presence of oxidation 
products of phenolic compounds. It would appear that a 
greater or lesser amount of inhibitory activity in the drop 
diffusâtes is probably a result of more or less tissue injury 
due to infection rather than a result of phytoalexin produc­
tion. There is some indication that inhibitory materials 
accumulate in the lesion over time (Tables 3 and 4). This 
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may indicate synthesis of new compounds or translocation of 
compounds to the site. 
Various workers have reported (71, 72, 73) that the 
1,4-benzoxazolinones have anti-fungal activity against a 
number of pathogenic organisms. The results of tests to 
determine the activity of four of these compounds against 
mycelial growth of H. maydis race T and race 0 revealed 
that pure compounds caused a significant reduction in mycelial 
growth at concentrations reported in maize (28) (Figure 6). 
It was determined that 2,4-dihydroxy-l,4-(2H)-benzoxazin-
3-one (DIBOA) and 2(3)-benzoxazolinone (BOA) reduced growth 
of race T significantly compared to 2,4-dihydroxy-7-methoxy-
1,4-(2H)-benzoxazin-3-one (DIMBOA) and 6-methoxy-2(3)-
benzoxazolinone (MBOA). The compounds are not, however, 
fungicidal but rather fungistatic as determined when BOA 
was used as the total carbon source for the fungus. 
It must be pointed out that in previous reports (3, 4, 
52, 53, 58, 59, 60, 68, 71, 72, 73, 74) where ether extracts 
of wheat and corn have been shown to inhibit growth of various 
pathogenic fimgi . no attempt was made to separate BOA from 
MBOA or to quantitatively determine the level of the com­
pounds in the tissue. Because of the greater concentration 
of MBOA compared to BOA in plants where both are found, 
previous researchers have implicated MBOA as the resistance 
factor. The high levels of BOA observed in this study and 
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the greater toxicity of BOA than MBOA (Figure 6) would lead 
one to suggest MBOA may not be the primary compound responsi­
ble for anti-fungal activity in ether extracts as has been 
implied. 
When both dry and fresh tissue were extracted using a 
modified purification procedure for benzoxazolinones, ether 
extracts caused a significant reduction in mycelial growth 
(Tables 6 and 7). As others have reported (71, 74), the 
ether fraction contains the most anti-fungal activity and 
essentially all of the benzoxazolinones. Crude ether extracts 
contain many other compounds, many toxic to fungi, that may 
also act as inhibitors. Ether extracts from the three in-
breds exhibited significant differences among extracts that 
corresponded to the relative resistance to H. maydis race 
T (Table 8)= Infection by H. maydis was shown to signifi­
cantly increase anti-fungal activity (Table 9). This study 
has shown that there is a physiological basis for differences 
in disease resistance among inbred maize lines as suggested 
by Jennings and Ullstrup (25). 
Quantitative analysis by isotope dilution failed to show 
that different levels of benzoxazolinones in the inbred lines 
corresponded to the observed differences in resistance to 
H. maydis race T (Table 10). Analyses for peroxidase, poly­
phenol oxidase, and B-glucosidase revealed that levels of 
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these enzymes increase significantly when tissues are in­
fected with H. maydis race T (Tables 12, 13, 14). In all 
cases, however, the inbred with intermediate resistance 
(B37Tcms) had the highest level of enzyme activity. A 
decreasing level of resistance did not, therefore, correspond 
to lower enzyme activities as might be expected. Statistical 
analyses of total phenol data revealed a significantly higher 
level of phenols in ClOSTcms tissue than in WF9Tcms but not 
in B37Tcms tissue. No significant differences were found 
between healthy and infected tissue. 
Daly (14) has questioned the role of suspected anti-
pathogenic compounds in disease resistance, especially those 
requiring extraction in organic solvents for quantitation. 
As he states, "they are only sparingly soluble in water and 
this type of extraction does not reflect their ability to 
act in tissue". The 1,4-benzoxazolinones were easily ex­
tracted by organic solvents, yet all were soluble in 
distilled water at the concentrations necessary for complete 
inhibition of H. maydis growth. Their solubility in the 
tissue fluids is not known, buL one may assume they are 
soluble. The most active compound (BOA) was also the most 
water soluble. 
Several reasons might explain why quantitative and semi­
quantitative techniques failed to clarify the role of the 
various compounds analyzed in extracts of the three inbred 
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lines tested. Infected tissue samples included large amounts 
of noninfected tissue as well. Different ratios of infected 
to noninfected tissue could cause extreme differences in 
the results. This might be applied to the enzyme and total 
phenol analyses as well. Total BOA and MBOA were measured 
quantitatively on whole leaves but the data do not indicate 
the amounts of these compounds per se present in developing 
lesions. 
This study has shovTn that the benzoxazolinone compounds 
tested are inhibitory to growth of H. maydis race T in the 
test medium at concentrations found in the plant [calculated 
from quantitative assays of MBOA and BOA (Table 10) and based 
on seedlings having 95% water (w/v), the MBOA concentrations 
-4 -3 
ranged from 5 x 10 M to 1.7 x 10 M, and BOA concentrations 
ranged from 5 x 10 M to 2.3 x 10 ^ M] . Inhibition by ether 
extracts of the three maize inbreds paralleled the observed 
differences in resistance among the inbred lines. The data 
on total phenols, enzyme levels, and quantities of BOA and 
MBOA, did not totally explain what specific factors are 
f T P f  n H. v a rn - j  r *  4 -HA  
lines tested. 
Several things might be proposed to explain resistance. 
There is potentially enough of both compounds in all inbred 
lines to totally inhibit growth of the organism. However, 
the inhibitory compounds may not be available in the 
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susceptible line while they are readily available in the 
resistant inbred. Food sources or stimulators may mask the 
inhibitory compounds. There may be intermediates in the 
pathway of benzoxazolinone synthesis that are more toxic 
than either BOA, MBOA, DIBOA, or DIMBOA. The data from 
quantitative analysis of diseased vs. healthy tissue (Table 
10) may lead one to suggest that MBOA and BOA are lost from 
the tissues during disease development. Breakdown products, 
possibly formed from BOA and MBOA alteration, may be more 
toxic than either BOA or MBOA. It is not unreasonable to 
suggest that of the three inbreds selected, each may have 
definite attributes relating to resistance. For instance, 
ClOSTcms may be resistant because of high concentrations of 
phenolic compounds or ether extractables, whereas B37Tcms 
has the enzymatic potential rapidly utilizing the available 
substrate. Before the specific relationships among hosts, 
pathogen, and the benzoxazolinone compounds can be fully 
understood, the complete metabolic pathways of benzoxazolinone 
synthesis and breakdown must be known. 
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SUMMARY 
Necrotic lesion length was used to determine relative 
ranking of inbred lines. Relative rankings of resistance to 
Helminthosporium maydis correspond to previous reports of 
relative ranking of inbreds (23). 
No evidence was obtained that would support the 
hypothesis that anti-fungal compounds (phytoalexins) are 
synthesized by maize in response to fungal invasion. Anti­
fungal compounds were present in drop diffusâtes after 
ingress had obviously occurred. 
Four pure 1,4-benzoxazolinone compounds were tested 
for inhibition of mycelial growth of H. maydis race T. 
2,4-Dihydroxy-l,4-(2H)-benzoxazin-3-one (DIBOA) and 2(3)-
benzoxazolinone (BOA) significantly reduced mycelial growth 
compared to 2,4-dihydroxy-7-methoxy-l,4-(2H)-benaoxazin-S-
one (DIMBOA) or 6-methoxy-2(3)-benzoxazolinone (MBOA), Re­
sults indicate that MBOA may not be totally responsible for 
anti-fungal activity in maize and other crops where both 
MBOA and BOA are present as has been implied in previous 
reports. 
Quantitative analysis by isotope dilution of benzo-
xazolinones revealed significantly higher levels of MBOA and 
BOA in B37Tcms tissue compared to C10 3Tcms and WF9Tcms tissue. 
Only when both compounds were considered together were 
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differences between infected and healthy tissue significant. 
Enzyme analyses for peroxidase, polyphenol oxidase, and 3-
glucosidase revealed significantly higher levels of all 
enzymes in B37Tcms compared to Cl03Tcms and WF9Tcms. Neither 
quantitative analysis of benzoxazolinone enzyme analyses 
corresponded to levels which would be expected to impart 
resistance to H. maydis race T and be exclusively responsi­
ble for differences observed in the inbred lines. 
This study has shown that there is potentially enough 
of both compounds present in all inbreds to inhibit growth 
of H. maydis race T. In light of the the data it is not 
unreasonable to suggest that of the three inbreds selected, 
each may have specific attributes relating to resistance. 
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APPENDIX A 
The formula for basal medium used for all mycelial 
growth studies, 
Chemical amt./l 
NH^NOg 2.42 g 
KgHPO^ 11.61 g 
KHgPO^ 18.51 g 
MgS0^-7H20 2.06 g 
Fe(N03)2-9H20 1.45 mg 
Zn(SO^-7H20 0.8 8 mg 
MnS0^-4H20 0.41 mg 
Sucrose 25.0 g 
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APPENDIX B 
Figure 8. MBOA standard curve corrected using regression analysis formula 
X = ^ n where x == mg x 10~^/ml and y = absorb an ce reading 
U • 1,1 *5 O O J 
at 2 85 nm 
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Figure 9. BOA standard curve ^ coriected using regression analysis formula 
X = y ~ where >: = mg x 10"^/ml and y = absorbance reading 
U # J. 6 ^   ^
at 274 nm 
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Figure 10- Caffeic acid standard ciurve, corrected using regression analysis 
formula x = ^  x = mg of caffeic acid/ml and 
y = abso.rbance reading at 560 nm 
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